Selective attention to 1 of 2 overlapping objects was assessed in a cuing paradigm. Participants detected or identified targets that appeared in 1 of 6 possible target locations (3 on each object). Significant cuing effects for the simple detection of such targets using both reaction time and sensitivity measures of performance were found. Cuing effects were consistently greater when the participants were required to identify some aspect of the target even when the tasks (detection vs. identification) were equated for overall performance level. These differences in cuing effects between tasks were much reduced if the target locations were no longer grouped into 2 objects. It is suggested that identical stimuli can elicit differing attentional mechanisms depending on task type (rather than task difficulty) and that these mechanisms differ in the nature of the representation of the visual world.
HUDs may be too good in providing information to their users because events occurring outside the HUD can be missed due to attention being captured by the processing of information on the HUD (Weintraub & Ensing, 1992) . The situation is reminiscent of the experimental paradigm used by Neisser and Becklen (1975) in which observers had to detect key events that could occur within two superimposed scenes: one of a hand-clapping game and one of a ball game. Observers could monitor information from either scene well but performed poorly when they had to monitor both scenes simultaneously. Furthermore, when monitoring only one of the scenes, bizarre events (e.g., players changing gender, players wandering on and off, etc.) occurring in the other scene went unnoticed. Neisser and Becklen (1975) had observers report on sophisticated aspects of the scene (e.g., Did the hands touch? Was the ball caught?). In other studies of visual processes, distinctions have been made about processes that may be modulated by the observer's attention and those that are not.
Many researchers have distinguished between a preattentive stage of processing and a later stage of processing that involves focal attention (Julesz, 1981; Marr, 1982; Neisser, 1967; Treisman, 1986) . For example, Treisman (1986) described the first stage as "the extraction of features from the patterns of light," and the later stages "are concerned with the identification of objects and their settings" (p. 106). Although a strict dichotomy might be challenged (e.g., Joseph, Chun, & Nakayama, 1997) , it is clear that some tasks might require little or no attention and others require considerably more. We were therefore interested in exploring whether more simple tasks would also be influenced by the attentional state of the observer in scenes in which the target elements could come from one of two overlapping scenes.
Space-Versus Object-Based Models of Attention
Many authors have postulated that selection can be characterized as a purely spatial process. Evidence support-342 ing space-based models of attention comes from studies into the effects of spatial cuing (e.g., Posner, Snyder, & Davidson, 1980) . Here a cue forewarns observers of the likely location of an impending target, so that they may covertly focus their attention on this particular spatial region. The cue is said to be valid when the target appears at this location and invalid when it does not. Studies have demonstrated enhanced performance for validly cued stimuli over invalid ones, independent of eye movements, in both response latency (e.g., Posner, 1980) and accuracy (e.g., Downing, 1988) .
However, several authors have challenged this purely spatial view. Duncan (1984) suggested that object structures, independent of spatial locations, are selected. In Duncan's experiment, observers were presented with two objects: a box and a line struck through the box. Both the box and the line could vary on two dimensions. The box could be one of two sizes and have a gap to the left or right. The line could be have a positive or negative slope and could be dotted or dashed. Observers had to report either one or two of these four possibilities. Duncan found that when observers were required to report two aspects from a single object, they were no less accurate than when reporting just one aspect. However, there was a decrease in accuracy when they were required to report two aspects from two different objects than when the two aspects were of the same object. Because the distance between the dimensions of each object was identical, Duncan argued that this indicates that the limits on performance for this particular task are object based.
However, object-based accounts of this sort can often be explained by space-based models because location and object identity are highly correlated (Vecera & Farrah, 1994) . Indeed, the stimuli in Duncan's (1984) paradigm have been criticized in this vein. Vecera and Farrah suggested that spatial attention might be flexible in its shape, such that it can take on the same shape as the object and activate the locations corresponding to this object. The crucial point is that a spatial array representation is being used, rather than a spatially invariant representation of the identity and structure of the object. Thus effects of orienting attention are not due to a shift between objects but due to shifts between groups of spatial locations.
The notion that object-based effects may be explained by shifts between groups of spatial locations was tested by Vecera and Farah (1994) . Replicating Duncan's (1984) experiment, they also introduced a condition in which the two objects were spatially separated. They found that this separation produced no extra cost, thus supporting the notion of a spatially invariant object-based code. However, when they changed the task to one of cued detection, there was a greater validity effect in the separate condition than was found for the together condition, supporting a locationbased account of selection. They went on to suggest that the reason some authors have found evidence of spatial attention and others object-based attention lies in the different type of tasks used and the different types of representations required to perform them. Detection tasks do not require the coding of object identity, and hence, responses may be based on an early spatial array representation. Other tasks that require judgments or discriminations about the objects themselves will necessitate the encoding of object identity and structure. Vecera and Farah concluded that both object-based attention and location-based attention exist (this was also suggested by Duncan, 1984) and can be observed within the same stimulus set.
Supporting evidence for the existence of (at least) two attentional mechanisms was found by Egly, Driver, and Rafal (1994) . Making use of a cuing paradigm, Egly et al. showed that there are both space-based and object-based components of attention. They used a variation of Posner's (1980) spatial cuing paradigm, with two rectangular objects appearing around a fixation point. Observers responded to a target that would appear after one of the corners of a rectangle was cued. Egly et al. included two different types of invalid trials: within objects and between objects. Although these invalid locations were equidistant, observers' reaction times (RTs) were faster for the within-objects condition than for the between-objects condition, suggesting an additional object-based cost of orienting attention along with a spatial cost. Egly et al. also demonstrated that for these two attention components, differential impairments arose in patients who had suffered parietal brain damage. Vecera (1994) attempted to determine whether the objectbased effect found by Egly et al. (1994) was truly object based (and thus spatially invariant; Vecera & Farah, 1994) by including a spatial manipulation in which the separation between the rectangles could be near or far. Replicating the Egly et al. finding (i.e ., that in the far condition, observers responded faster to invalid trials that were within objects as opposed to between objects), Vecera also found that where the invalid trials for both the near and far conditions were concerned, the effect of switching within an object as opposed to between objects interacted with their spatial separation. Vecera argued that this influence of spatial manipulation is consistent with attentional selection from a grouped location-based representation. This finding lends weight to the idea that for cued detection tasks (as was the case with the Egly et al., 1994, study) , array format representations rather than object coding are used.
Detection and Discrimination
The notion that attention might affect detection and discrimination (or identification) tasks differently has been the subject of debate (e.g., Bonnel, Stein, & Bertucci, 1992) . There has much disagreement about what authors have deemed to be detection tasks, discrimination tasks, or both. For example, in the study of Egly et al. (1994) , detection involved responding to the filling in of the end of a rectangle, whereas the study of Vecera and Farrah (1994) required a response to the presentation of a small dot on a box or line, such that it could be perceived as the appearance of a new object (see Yantis, 1993 , for a discussion of abrupt visual onsets). Reinitz (1990) discussed detection in terms of present or absent responses to masked arrays of letters, and Shaw's (1984) study involved luminance detection but the task was to locate the target. Lee, Koch, and Braun (1997) suggested that their contrast sensitivity task is comparable to SRaWN AND SNOWOEN making a detection even though the task was one of orientation discrimination. Here we offer a simple definition of detection versus discrimination. We define detection tasks as ones in which the observer merely has to report on the presence of a target, whereas discrimination tasks require the observer to say something about that target.
Some studies have shown effects of spatial precuing on a detection task. Bashinski and Bacharach (1980) reported that cuing a target location improved detection sensitivity. However, this result has been questioned because their experimental design did not allow false alarms to be properly assigned to valid and invalid locations. Downing (1988) , drawing on a postcue technique, addressed this problem. She, too, found that improved detection sensitivity followed valid spatial cues for a variety of tasks, including luminance detection. This finding was replicated by Mtiller and Humphreys (1991) and by Hawkins et al. (1990) , who modified the paradigm further. Indeed, Luck et al. (1994) posited a locus for attentional selection based on similar results and provided electrophysiological evidence for attentional modulation of simple luminance detection.
However, other authors have failed to find effects of spatial attention for luminance detection (Bonnel et al., 1992; Shaw, 1984; Sperling, 1984; Sperling & Dosher, 1986) . For example, Shaw found that although letter detection and localization were subject to capacity limitation at the coding stage, luminance increment detection was not. Bonnel et al. noted that previous studies examining differences in task type and luminance changes did not clearly dissociate the type of information being processed from the task requirements. To remedy this, Bonnel et al. manipulated the nature of the task without changing the actual physical stimulus, using luminance changes for both detection and discrimination. They tested how well observers could detect the presence of a luminance changes as opposed to making a discrimination about such a change. Thus, the observer monitored two spatially separated targets. Attentional resources allocated to each of the targets were manipulated by verbal instructions to the observer (e.g., "Allocate 80% of your attention to the left side and 20% to the right side," etc.). For the detection of luminance increments, they found no trade-off with switches in attentional resources and therefore suggested that attention plays no role in this task. On the other hand, Bonnel et al. showed that there is a trade-off if the observer is required to specify the polarity of this change. The more attentional resources the observer was instructed to assign to a particular location, the better the performance for that location, and this improvement in performance at the attended site was mirrored by a loss of performance at the unattended site. Thus, in line with Bonnel et al., we used exactly the same stimuli for both our detection and discrimination tasks in all the experiments reported in this article.
This brief review shows that although the issue of the effects of precuing on detection and discrimination has been studied using a spatial cuing paradigm, the results are not yet clear cut. As it has been suggested that detection and discrimination tasks may differ in their reliance on objectand space-based representations (Vecera & Farah, 1994) , we investigated both of these tasks in our object-based cuing paradigm.
Endogenous and Exogenous Control of Attention
All of the following experiments involved some form of cuing. The term cuing refers to the way in which participants are forewarned of an impending target event, such as its location, so that they can focus their attention on a particular object-spatial region. It has been suggested that there are fundamental differences between exogenous (sometimes known as stimulus-driven or peripheral cues) and endogenous (sometimes known as goal-directed or central cues). Exogenous cues are ones that arise near or at the actual position of a target, such as a positional marker or a flash of light. Such exogenous cues are thought to "capture" attention at the position of the cue. Endogenous cues, on the other hand, are typically verbal or symbolic cues, such as informing observers that they should attend to the stimulus on the left. Therefore, in the present experiments, we initially distinguished between exogenous and endogenous cues and examined their effects in isolation. In later experiments we used cues that should drive both systems.
Experiment 1: Exogenous Control of Attention
In the first experiment we investigated the effects of exogenous cuing on observers' ability to detect a luminance change in one element compared with their ability to discriminate the polarity of that change. In all of the experiments we used the same basic stimulus (see Figure 1) . Two equilateral triangles, one red and one green (represented in Figure 1 by black and white), were overlaid to form a six-point star, with an appropriately colored circle at each Figure 1 . Illustration of the overlapping triangles stimulus. In the actual experiments, the background was dark and one of the triangles and associated circles were green and the other was red.
point. These served as targets. This overlapping triangles stimulus (Brawn & Snowden, 1996 Stuart, Maruff, & Currie, 1997) has some notable merits for measuring object-based attention. For instance, while the two objects are overlapping, there is no masking of any potential target circle location, each of which is equidistant from a central fixation point. Also, the lines that join target circles to form objects can be used to exogenously cue a particular object without any changes in that actual target locations.
In this first experiment participants were cued exogenously by a brightening of the lines of one of the triangles. Thus, an object containing three possible target locations was cued, but the precise spatial location of the target was not.
M e~o d
Participants. Eight participants were recruited from staff and students at Cardiff University and either were fulfilling course requirements or were paid for their services. All participants reported having normal or corrected-to-normal visual acuity and were screened for normal color vision with the Ishihara color test.
Stimuli. The entire display screen subtended 19.8 ° × 15.7 ° from the viewing distance of 57 cm. The fixation cross was 0.5 ° × 0.5 °, the diameter of each target circle was 2.0 °, and these were all centered 5.0 ° from the fixation cross. The circle elements were connected by a line of the same color to produce two triangles in the overlapping triangles configuration (see Figure 1) . On each trial one of the triangles (randomly chosen) was green and the other red. The luminance of the red and green stimuli were equated to similar perceptual brightness by a method of adjustment in pilot experiments that resulted in the luminances of 4 cd/m 2 for the red triangle and 6 cd/m 2 for the green triangle. The luminance of each circle was also randomly varied ___ 10%. The background luminance of the display was 0.025 cd/m 2.
All experiments made use of custom-written software driving a Cambridge VSG 2.2 graphics generator. The stimuli were displayed on a Mitsubishi Diamond Pro 20X running at a frame rate of 120 Hz. Participants responded using the mouse buttons. The VSG 2.2 clock recorded responses to millisecond accuracy.
Procedure. Each trial began with the participant being presented with the stimuli and a central fixation cross that was displayed for the duration of the trial. Participants were instructed to maintain fixation on this cross throughout the trial. After a period of 1,000 ms, the set of lines that made up one of the triangles (chosen randomly each trial) flashed (an increase in luminance by 50%) for 100 ms to cue that particular triangle. After another random delay of 100-200 ms, a single target circle was altered in luminance. The change was either to increase or decrease in luminance by 50%. The polarity of this change was chosen randomly from trial to trial. The target was one of the three circles belonging to the cued triangle on 50% of the trials (valid) and was one of the three circles belonging to the uncued triangle on the other 50% (invalid); again, this contingency was chosen randomly from trial to trial. Therefore, this was a pure exogenous cue in that it was not predictive of which elements were most likely to be the target. The display remained until the participant responded or 2,500 ms passed, and then the screen was blanked. There was an intertrial interval of 2,000 ms. Catch trials were included with a probability of .25 for each trial. These were exactly the same except that the luminance of the target element was not altered. Note that such catch trials occurred for both detection and discrimination tasks, such that these blocks of trials were identical except for the response required. For the detection trials participants were instructed to press either button when the target appeared and to withhold the response if no target appeared. For the discrimination trials participants were instructed to press the left button if the target had brightened and the right button if it had dimmed but to withhold the response if no target appeared.
Participants were informed before the start of each new block as to the nature of the cue and targets, the predictive value of the cue, the likelihood of catch trials, and whether the task was merely to detect the change or to make a discrimination. The ordering of these conditions was counterbalanced across participants. Participants each completed 10 blocks of the detection task and 10 blocks of the discrimination task (consisting of 30 trials per block each), resulting in a total of 600 trials.
Results and Discussion
Based on an examination of data from pilot studies, we excluded RTs of less than 150 ms as anticipations and those greater than 770 ms for the detection task and 1,500 ms for the discrimination task as misses (these criteria were applied to all RTs to be reported in this article). Mean RTs for target-present trials were then calculated for valid and invalid trials for each participant in each of the tasks. Figure 2 illustrates the mean RTs in this experiment. The mean RTs were subjected to a repeated measures analysis of variance (ANOVA) with task (detection and discrimination) and cue validity (valid and invalid) as factors. There were significant main effects of both task, F(1, 7) --117.1, p < .001, and validity, F(1, 7) = 58.7, p < .001, that were modified by a significant interaction, F(1, 7) --17.2, p < .01. Planned comparisons showed that the mean difference in RTs between valid and invalid trials (13.7 ms) for the detection task was significant, F(1, 7) = 6.47, p < .05, as was that for the discrimination task (difference = 64.2 ms), F(1, 7) = 42.4,p < .001.
The data for misses and percentage correct were analyzed separately in the same way as the RT data. For the detection 
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task the percentage of targets missed was 19.8% for valid trials and 21.6% for invalid trials. For the discrimination task the percentage of targets missed was 21.8% for valid trials and 24.6% for invalid ones. No difference reached statistical significance ( F < 1). The percentage of errors for the discriminated task was lower (7.9%) for valid than the for invalid (11.5%) trials, and this was marginally significant, F(1, 7) = 5.48, p = .052. This difference was consistent with the RT data in showing worse performance for the invalid trials (rather than a speed-accuracy trade-off). The false-alarm rate was 20.9% for the detection task and 12.2% for the discrimination task. E x p e r i m e n t 2: E n d o g e n o u s C u i n g
In this experiment the exogenous cue was replaced with an endogenous cue. This was achieved by telling participants which of the two triangles (i.e., the red or the green triangle) was the more likely to contain the target. For example, they would have been told that there was an 80% chance of the green triangle containing the target and only 20% that the red one would contain it. Note that because the upward and downward triangles were randomly assigned to be red and green from trial to trial, the exact location of the cued triangle also varied.
Method
Participants. Ten participants took part in this experiment under the same conditions as in Experiment 1.
Stimuli. The stimuli were as Experiment 1 except that the lines did not flash as a cue.
Procedure. The time course of this experiment was altered to take into account the switch from an exogenous cue to an endogenous one. As in Experiment 1, each trial began with the participant being presented with the stimuli and a central fixation cross that was displayed for the duration of the trial. After a random period of between 1,500 and 2,000 ms, a single target circle increased or decreased in luminance. This was one of the three circles belonging to the cued triangle on 80% of the trials (valid) or one of the three circles belonging to the uncued triangle on 20% of the trials (invalid). All other procedures were the same as those used in Experiment 1.
Each block consisted of 30 trials. Participants were informed before the start of each new block as to which of the two triangles had an 80% chance of containing the target event (there were equal number of red and green blocks) and whether the task was merely to detect the change or to make a discrimination. The ordering of these conditions was counterbalanced across participants. Participants completed 10 blocks of the detection task and 10 blocks of the discrimination task (consisting of 30 trials per block each), resulting in a total of 600 target trials.
Results and Discussion
RTs for both tasks are shown as a function of cue validity in Figure 3 . Mean RTs were subjected to a repeated measures ANOVA with task (detection and discrimination) and cue validity (valid and invalid) as factors. There were significant main effects of both task, F(1, 9) = 115.4, p < .001, and validity, F(1, 9) = 25.84, p < .001, that were modified by a 
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significant interaction, F(1, 9) = 19.50, p < .001. Planned comparisons showed that the mean difference in RTs between valid and invalid trials (21.8 ms) for the detection task was significant, F(1, 9) = 6.64, p < .05, as it also was for the discrimination task (difference = 70.9 ms), F(1, 9) = 32.12, p < .001.
For the detection task the percentage of targets missed was 3.3% for valid trials and 3.4% for invalid ones. For the discrimination task the percentage of targets missed was 3.3% for valid trials and 3.0% for invalid ones. No differences reached statistical significance (F < 1). Error rates were lower for valid cues (4.5%) than invalid cues (6.5%), F(1, 9) = 7.59, p < .05. This difference was consistent with the RT data in showing worse performance for the invalid trials (rather than a speed-accuracy trade-off). The false-alarm rate was 8.1% for the detection task and 5.1% for the discrimination task.
Discussion of Experiments I and 2
In both Experiments 1 (exogenous cues) and 2 (endogenous cues) we obtained significant effects of cuing on RTs for both the detection and the discrimination tasks. Furthermore, in both experiments we obtained significantly larger cuing effects for the discrimination task than for the detection task. This suggests that the exogenous and endogenous components of attention behave in a similar manner in these situations. This could be due to two separate systems that exhibit similar behavior, or it could be that these are two different ways of guiding a single attentional system. Our data do not address this issue.
The size of the cuing effects appeared to be similar in both Experiments 1 and 2, which might suggest that both exogenous and endogenous cues are equally effective in guiding attention or selecting a particular object. However, we believe that comparisons are not warranted. It is clear from other sources that the size of the cuing effect can be modified for both systems by the exact configuration of the experiment (e.g., timing, cue validity, cue strength, etc.). For instance, both systems are sensitive to the timing between the cue and the target but in much different ways (Mtiller & Rabbit, 1989; Nakayama & Mackeben, 1989) . Thus, the size of the cuing effect observed for these two systems could be manipulated to show either being stronger.
Experiment 3: Sensitivity Measures of Attention
Although RT studies are widely used in research on the effects of attention, they require assumptions about the mechanisms that allow decisions to be made. An alternative approach is to allow the observer to make a leisurely decision but to limit the visual information available and measure some form of performance or threshold. This may be particularly valuable in cases in which motor performance may be somewhat limited. Furthermore, there could be differences in the mechanisms that govern performance near threshold from those that govern suprathreshold behavior or differences in the way attention is allocated in these situations (Handy, Kingstone, & Mangun, 1996) . A particularly important approach adopted by many authors has been to draw on signal-detection theory (Green & Swets, 1966) , and a common measure of performance has been the d' measure of sensitivity. Relevant issues where this has been used include whether simple luminance increment detection is a preattentive process (Bashinski & Bacharach, 1980; Bonnel et al., 1992; Downing, 1988; Hawkins et al., 1990; Luck et al., 1994; Mtiller & Findlay, 1987; Mtiller & Humphreys, 1991; Shaw, 1984) , whether detection and discrimination tasks differ fundamentally in the resources they require (e.g., Bonnel et al., 1992) , and whether changes in RTs reflect a modulation of early sensory processes (and thus to distinguish among possible mechanisms; e.g., Luck et al., 1994; Reinitz, 1990) .
Consistent with many of the aforementioned studies, we used a posttarget masking paradigm, in which the display is rapidly masked after a target event. The idea is that that an observer can glean no extra information to influence a response once the display is masked, and so decisions cannot be based on, for example, iconic memory (Miiller & Humphreys, 1991) . The use of this paradigm also brings with it another major advantage. In Experiments 1 and 2, we compared the effects of cuing for detection and discrimination tasks and found greater effects in the discrimination paradigm. However, interpretation of this difference is hampered because the overall RT was greater for the discrimination than the detection tasks. It would be fruitful to be able to compare the effects of attention on two tasks under conditions of equal difficulty (as defined by equal overall performance). By manipulating the time difference between the target and the mask (the mask onset time [MOT]), we can bring the two tasks into the same performance range and so compare the effects of attention for equal values of d'.
Method
Participants. Six participants took part in this experiment under the same conditions as in Experiment 1.
Stimuli. In this experiment a target event always consisted of a luminance increment or decrement in a single element of 75% of its original luminance.
Procedure. As in the earlier experiments, each trial began with participants being presented with the triangles and a central fixation cross. They were instructed to maintain fixation on this cross throughout the trial. After a 1,000-ms delay, a set of lines belonging to one of the triangles flashed for 100 ms to cue that particular triangle. This was followed by a 250-ms interstimuhis interval and then the target event, which was an increment or decrement in luminance. This would be one of the three circles belonging to the cued triangle on 80% of the trials (valid) or one of the three circles belonging to the uncued triangle on 20% (invalid). Therefore, note that this cue should activate both the exogenous and endogenous control of attention. The target flash was followed by a MOT that could be of one of six possible durations. For the detection task, these were 16, 24, 32, 40, 48, or 64 ms. For the discrimination task, these were 16, 32, 48, 64, 80, or 128 ms. The mask was composed of 32 red and green ellipses of random location and luminance. For the detection task, 50% of the trials were catch trials and therefore chance performance was 50%. This large number of catch trials was needed to obtain a fairly large number of false alarms for the d' calculation. Participants were instructed to respond using the left mouse button if they thought there had been a target event and with the right if they thought no change had occurred. No catch trials were included for the discrimination task, so there was always a target event. Participants were instructed to push the left button for a decrement and the right for an increment (chance performance was 50%).
Each block consisted of 250 trials. Each participant was given five blocks for each task, resulting in a total of 1,250 trials per participant for the detection task and 1,250 for the discrimination task. Blocks aitemated according to task, and the six different MOTs were randomly interleaved within blocks.
Calculation of d' scores. To calculate d' scores for the detection task, we obtained the hit rate (i.e., the percentage of trials on which a target was presented and the participant indicated a targe0 for the valid and invalid trials separately. A false-alarm rate (i.e., the percentage of trials on which a target was absent but the participant indicated that there was a target) was calculated from all catch trials. There was, of course, no difference between valid and invalid trials because no target was presented. This pooled falsealarm rate was then combined with the hit rate for the valid trails to produce the valid d' and with the invalid hit rate to produce its d'. The limitations of this technique are discussed further in the Results and Discussion section. For the discrimination task we simply converted the percentage correct responses to d' scores according to the lookup tables for two-alternative forced-choice (2-AFC) experiments (MacMillan & Freeman, 1991) .
Results and Discussion
Detection task. Figure 4 (top panel) shows the mean d' scores for the detection task. The filled symbols represent validly cued trials, and the open symbols represent invalidly cued trials. These scores were subjected to an A.NOVA with MOT (16, 24, 32, 40, 48 , and 64 ms) and cue validity (valid and invalid) as factors. This revealed a significant effect for both MOT, F(5, 5) = 35.61, p < .001, and cue validity, F(1, 5) = 34.97, p < .01. The interaction between these two factors was not significant (F < 1). As a measure of the size of the effect of attention, one can pick a particular measure of d' and find the MOT at which performance reached this level for each condition. For a d' of 1.5, there was a validity effect of around 10-20 ms.
Detection
Discrimination task. Figure 4 (lower panel) shows the mean d' scores for the discrimination task. An ANOVA revealed a significant effect for both MOT, F(5, 5) = 25.53, p < .001, and cue validity, F(1, 5) = 25.09, p < .01. The interaction between these two factors was significant, F(5, 5) = 3.57,p < .05. For discrimination there appeared to be a greater validity effect than for the detection task (note the change in scale on the abscissa). For a d' score of 1.5, there was approximately a 40-ms difference in MOTs required to reach this performance between the valid and invalid conditions.
In the discrimination task we found a significant interaction between MOT and cue validity, whereas for the detection task we did not. Although this might sound like an SNOWDEN interesting finding, we believe that this result is an artifact. Clearly, at very short MOTs performance in both tasks at all cue validities must fall to near-chance levels (d' = 0), and thus an interaction should emerge if there are effects of cue validity at longer MOTs (as there are in both tasks). Our lack of such an interaction for the detection task was due to not reducing MOT levels to the point where performance began to suffer this floor effect.
The differential validity effect between detection and discrimination tasks found for the RT experiments (i.e., 1 and 2) was also observed with a sensitivity measure of performance. It is therefore tempting to suggest that cuing must provide some modulation of early sensory representations of the stimuli. However, there are also some problems that may speak against such a conclusion.
For the discrimination task we could calculate a d' score based on percentage correct for both valid and invalid trials. For the detection task this calculation is not as straightforward. For catch trials (i.e., those in which the target was not presented), there was no difference between valid and invalid trials. If the participant pressed as if a target had been presented (a false alarm), we were unsure whether they saw the target at the cued location or an uncued one; therefore, the false alarm cannot be properly assigned to a valid or invalid conditions. In the above analysis we calculated a general false-alarm rate from all catch trials and used this for calculating both conditions. This might actually overestimate or underestimate the actual difference between the conditions depending on the real false-alarm rate (for a discussion, see MLiller & Findlay, 1987) . Indeed, a similar criticism has been leveled against early studies involving the d' criterion to measure detection sensitivity (Bashinski & Bacharach, 1980) , and later studies have steadily refined the technique by using, for example, postcue techniques to address the problem of ambiguous false-alarm assignment (see Luck et al., 1994 , for a good discussion of these refinements in later studies). Because of the aforementioned concerns regarding pooled false-alarm rates, we conducted another experiment that allowed a criterion-free measure of detection performance in a detection task.
Experiment 4: Forced-Choice Measures of Sensitivity
A common method of eliminating the problems of response bias is to use a forced-choice methodology. Unfortunately, this requires participants to say something about the stimulus that was presented rather than to indicate its mere presence. To obtain a measure of detection under these circumstances, we attempted to make the judgment required as trivial as possible, such that the correct detection of the target should have been enough to unambiguously signal the correct response. To this end, we presented two temporal intervals that were well separated in time. In only one of these intervals was the target presented, whereas the other interval was identical except for the absence of the target event. If participants can detect the target, it should be trivial to know in which interval it occurred. For comparison, we also produced a discrimination version of the task that also contained two such intervals. The task in this case was to signal the polarity of the target rather than in which interval it occurred.
M e t h o d
Participants. Eight participants took part in this experiment under the same conditions as in the previous experiments.
Stimuli. The stimuli were similar to those used in Experiment 3. Target events consisted of a luminance increment or decrement in a single element of 50% of its original luminance. This was the case for both the detection and discrimination tasks. A different form of masking was also used. In this experiment the mask consisted of all of the display elements, each of which was assigned a random luminance (2-12 cd/m 2) separately. In pilot trials this proved to be a highly effective mask.
Procedure. There were now two intervals in each trial. Each interval consisted of a fixation cross plus the triangles for 1,000 ms (the position of the red and green triangles was randomized from interval to interval), followed by the cue for 100 ms. After another 250 ms, the target event could be presented for the duration of the MOT (see below) followed by the mask stimulus for 100 ms. The screen was then blanked for 200 ms. After both intervals had been presented, the screen was brightened to indicate to the participant that it was time to respond. The next trial commenced immediately after this response. The target was randomly assigned to Interval 1 or 2 from trial to trial.
In the previous experiment we used a range of MOTs and measured d' at each of these intervals. This proved to be a time-consuming method, and it was difficult for the participants to maintain their motivation over the course of the experiment. In this experiment we therefore equated d' and measured the MOT required to produce this level of performance by means of a staircase procedure. In each block of trials, there were two staircases corresponding to the valid and invalid conditions. The MOT for each staircase was set to be 300 ms at the start of a block of trials. After each trial the MOT value was adjusted according to the response; if it was correct the MOT decreased by the step size for the next trial of this type, and if the response was incorrect the MOT value was increased by the step size × 3 for the next trial. This 3:1 ratio converges on the 75% correct point for a 2-AFC experiment (Kaernbach, 1991) , which is equal to a d' of 1.0 (MacMillan & Freeman, 1991) . Analysis of the results confirmed these expectations. The step size was 25 ms for the first 32 trials, 16.7 ms for the next 32 trials, and 8.3 for the last 64 trials. The average MOT value was calculated from the last 64 trials.
Each participant performed one block of 128 trials for the detection task and a block of 128 trials for the discrimination task. The order of tasks was counterbalanced from participant to participant. Figure 5 shows the averaged MOT scores for valid and invalid conditions of the detection and discrimination tasks. The MOT scores were submitted to an ANOVA with task and cue validity as factors. This revealed significant effects for both task, F(1, 7) = 51.20, p < .001, and cue validity, F(1, 7) = 50.63, p < .001, that were moderated by an interaction between cue validity and task, F(1, 7) = 13.22, p < .01. Planned comparisons showed significant effects of cue validity for both the detection, F(1, 7) = 27.96, p < .01, and the discrimination tasks, F(1, 7) = 37.95, p < .001. 
Results

Discussion
Using a 2-AFC measure of performance, we again found that both tasks were affected by the cuing of one of the objects and that these effects were greater for the discrimination task than they were for the detection task. Thus, this pattern of results appears to hold over a number of different ways of measuring performance. What can it tell us about the site of the effects of precuing?
The modulation in measures of sensitivity attributable to cuing have been interpreted as suggesting an "early" site for the effects of attention that may serve to enhance the perceptual representation of the cued area or object (e.g., Bashinski & Bacharach, 1980) . Although these earlier studies have trouble in the correct assignment of false alarms, we hoped that the present study would circumvent these criticisms by our use of a 2-AFC procedure. However, it is still possible to explain these results with a late decision process model. Presumably, given that the visual system contains noise, there is some evidence that a signal might have occurred in Interval 1 on the cued object and some evidence that it occurred in Interval 1 on the uncued object. This was true for Interval 2 as well. If the observer were to give a greater weight in a decision process to the evidence that accrued from the cued objects, we could have a situation in which the decision is based on the information from the cued object even if the best evidence at the sensory level comes from one of the intervals on the uncued object. Thus, although this experiment provided converging evidence for object-based attentional effects for both the detection and discrimination tasks, and their greater magnitude for discrimination tasks, it could not distinguish between the sensory enhancement of the cued object versus the greater weight in decision processes. The differences in the sizes of validity effect encountered for the detection and discrimination tasks have been consistently found for both response latencies and sensitivity measures of performance. What does this differential represent? One possibility is that discrimination tasks yield far greater effects of cuing because of task "difficulty" (i.e., more attention is allocated to the harder task and so the associated costs and benefits are enhanced).
In this experiment we manipulated task difficulty by varying the magnitude of the target luminance change to determine whether this would interact with the magnitude of the attentional effect. We reverted to measuring response latency to make comparisons with previous work. Hughes (1984) , using a space-based cuing paradigm, found that the magnitude of the cue validity effect in simple luminance detection was unaffected by target luminance. This finding has been questioned though. Hawkins, Shafto, and Richardson (1988) suggested that cue use strategies adapt to target luminance if luminance remains invariant within trial blocks. For example, they might decide to direct a greater percentage of their attention to the uncued side at low luminance targets to avoid high miss rates. A study of their own yielded results that suggest when target luminance is manipulated as a within-blocks variable, the cue validity effect grows with declining target luminance. Thus, it could be said that as the difficulty of the task increases, so do the effects of directing attention. Therefore, in this experiment, we varied target luminance within trial blocks and again compared the detection and discrimination tasks.
Me~od
Participants. Eleven participants took part in this experiment. Stimuli. The stimuli were the same as those used in Experiments 1 and 2. The target flash could be either _+25%, _+50%, or --+75% of its original luminance.
Procedure. The procedure for this experiment was similar to that used in our previous RT experiments (1 and 2). Possible changes of 25%, 50%, and 75% were randomly interleaved within a block of trials. Cuing was achieved with a flash of the lines that was also predictive (80%) of the target object. Catch trials were included as in Experiment 1. Each block consisted of 50 trials. Each participant was given 6 blocks for the detection task and 6 blocks for the discrimination task, resulting in a total of 600 trials. Figure 6 shows mean RTs for valid and invalid trials for both the detection and discrimination tasks as a function of the strength of the target flash. An ANOVA for the detection task revealed a significant effect of flash strength, F(2, 10) = 4.07, p < .05, and cue validity, F(1, 10) = 13.69, p < .01, The interaction between these two variables did not approach significance (F < 1). Miss rates are presented in Table 1 . An ANOVA showed a significant effect of cue validity, F(1, 10) = 6.39, p < 0.05, but not for flash strength, F(2, 10) = 2.15, p > .05, or any interaction (F < 1). The percentage of false alarms was 30.6% (the distinction between valid and invalid trials and between different flash strength is meaningless for such catch trials). Consistent with the results of Hughes (1984) , we found that reductions in target luminance produced overall increases in target detection latency but that the cue validity effect did not increase when target luminance was reduced.
Results and Discussion
For the discrimination task there was again a significant effect of cue validity, F(1, 10) = 28.10,p < .001, but not for flash strength, F(2, 10) = 2.11, p > .05. Here, too, the interaction of flash strength and cue validity did not approach significance (F < 1). Table 2 shows the percentage of missed correct responses for all conditions. An A_NOVA revealed no differences in miss rates (F < 1). The only significant effect for the percentage correct was of flash strength, F(1, 10) = 9.37, p < .01. The percentage of false alarms was 30.5%.
It would seem, then, from the absence of any interaction between the magnitude of the attentional effect and the magnitude of the luminance change that explanations in terms of task difficulty were not supported by our data. However, we are reluctant to accept this interpretation. The effects of luminance were not as great as we had hoped and so the lack of interaction may have resulted from a lack of effect of this variable (although participants complained at the perceived difficulty of the task). It is also noticeable that Note. M = missed; C = correct.
the percentage of false-alarm rates in this experiment was high (around 30%). This probably reflects the fact that the low luminance flashes were hard to detect, and so participants appeared to have adopted a liberal criterion.
Experiment 6: Modulating Attentional Effort
A possible reason that we did not get an effect of luminance on the size of the cuing effect was that attentional effort was similar for all the targets. This was to be expected because the different levels of luminance were interleaved within a block of trials, so on any particular trial observers were unable to predict the luminance level of the target. Perhaps if participants expected low luminance trials they might "try harder" than if they were expecting high luminance trials. However, we would then be comparing not only attentional effort but also the effects of luminance on the size of the cuing effect. So that we could compare test stimuli of similar luminance, we decided to use a paradigm similar to that recently used by Urbach and Spitzer (1995) . In our study, crucial probe trials of medium luminance were embedded in a series of high luminance (easy) or low luminance (hard) background trials. We reasoned that observers might increase the amount of attention given to a task as a function of task difficulty. If (a) the division of this increasing amount of attention remains constant and (b) discrimination tasks are more difficult (or perceived to be so), we should see greater effects of cuing. Hence, the pattern of results found thus far (i.e., greater effects of cuing for discrimination tasks) could be explained. Alternatively, observers might not be able to change the total amount of attention available as the task becomes more difficult, but they might be able to allocate it more (or indeed less) toward the cued object location. If a greater percentage of attention went toward the cued object location as the task became more difficult, we could again explain why discrimination tasks produce greater cuing effects.
These two hypotheses predict different patterns of results. The hypotheses of "greater overall resources" predicts that RTs for both valid and invalid trials would decrease (although those for valid trials would do so the most) under the hard background conditions. On the other hand, the "better cue following" predicts that valid RTs will fall but that invalid ones will rise in the hard background conditions. This paradigm addresses the question of whether task difficulty modulates attention, and, if it does, it will indicate whether this is due to greater amounts of attention being paid or to a differential use of the cues between the two tasks.
Me~od
Participants. Ten participants took part in this experiment. Stimuli. The stimuli were the same as those used in Experiment 5.
Procedure. The procedure for this experiment was identical to that used in Experiment 5, except that probe trials (50% target flash strength) were embedded within either easy background trials (75% target flash strength) or hard ones (25% target flash strength). The ratio of probe trials embedded within backgrounds was 1:5. Participants were informed that targets could be of various luminances but were not given explicit information about the percentage of probe and background trials. Each block consisted of 50 trials. Each participant was given 10 blocks for the detection task (5 easy blocks and 5 hard blocks) and 10 blocks for the discrimination task (5 easy and 5 hard), resulting in a total of 1,000 trials per participant. Figure 7 shows the mean RTs for both valid and invalid probe trials embedded within with easy or hard backgrounds for the detection task (upper panel) and the discrimination task (lower panel).
Results and Discussion
Detection task. An ANOVA on the data from the probe trials revealed a significant effect of cue validity, F(1, 9) = 21.1, p < .01, but no effect of background difficulty or any interaction (F < 1). The percentages of targets missed are shown in Table 3 . No effects were significant (F < 1). The percentage of false alarms was 14.6%. One might argue that we failed to find an effect of background difficulty (and a lack of interaction) because the easy and hard trials were not sufficiently easy or hard. However, analysis of these trials showed a large difference in RTs for hard (500-ms) and easy (417-ms) trials, F(1, 9) = 12.39,p < .01. Discrimination task. An ANOVA on the data from the probe trials revealed a significant effect of cue validity, F(1, 9) = 15.60, p < .01, but no effect of background difficulty or any interaction (F < 1). Table 4 shows the percentage of targets missed and correct discriminations. An ANOVA revealed no significant effects (F < 1). The percentage of false alarms was 11.6%. One might argue that we failed to find an effect of background difficulty (and a lack of interaction) because the easy and hard trials were not sufficiently easy or hard. However, analysis of these trials showed a large difference in RTs for hard (796-ms) and easy (657-ms) trials, F(1, 9) = 12.39, p < .01. Comparison of the size of the effect of the cue (invalid -valid RTs) again showed a far greater effect of cuing for the discrimination trials (M = 96.6 ms) than for the detection task (M = 43.0 ms). The results of this experiment, then, and those of the Experiment 5 indicate that there was a difference in the size of the effects of attentional cuing between tasks involving detecting luminance changes and discriminating the polarity of exactly the same changes. These effects were not modulated by differences in the detectability of an individual Note. M = missed; C = correct. 
Experiment 7: A Test for Object-Based Effects of Attention
In each of the experiments discussed so far, we used a stimulus that we thought has yielded object-based effects of attention. However, the paradigm we adopted did not allow us to dissect the nature of our validity effects into object-and space-based components, as was the case in other stimuli, such as those of Egly et al. (1994;  for criticisms, though, see Smart et al., 1997, and Vecera, 1994) . It is also possible that the representation produced in these displays may be one of grouped locations rather than truly object-based ones. Attention could be shaped to fit the shape of the object, but it would still be encoded in spatial coordinates.
However, a simple way to test for and measure any object-based effects would be to make the stimulus less objectlike. To do this, we removed the lines joining the individual elements to leave the configuration, shown in Figure 8 , of three red and three green circles (again represented in the figure by black and white). There may, of course, be some grouping due to the color of the elements, but we suggest that such effects might be small (and would serve to work against any differential effects of removing the target (Experiment 5) or by the overall difficulty of trials within a block (Experiment 6). Taken in conjunction with our finding of greater attentional effects when the tasks were equated for difficulty via a d' measure (Experiments 3 and 4), this seems to suggest that it was task type rather than task difficulty that caused the greater attentional effects between the detection and the discrimination tasks. 4.41 Figure 8 . Example of the stimulus in which the lines that joined the circles to form objects were removed. lines). Furthermore, in pilot studies in which we presented our overlapping triangles stimulus without any difference in color between the two triangles, we found the same size of attentional effects as when the color was present.
Of particular interest was how taking away the lines would affect the detection and discrimination tasks. For example, Vecera and Farrah (1994) suggested that Duncan's (1984) shape discrimination task elicits selection from object-based (and spatially invariant) representations. However, when they changed the task to one of cued detection, they argued that location-based selection is used. They reasoned that shape discrimination requires object-based representations, but detection does not and can be accomplished via low-level array representations. If our luminance detection task does not require object-based representations, then we would expect the validity effects to be unaffected by taking away the lines that form the objects in our stimuli. Clearly, our luminance discrimination task is much different from shape discrimination, and it is difficult to imagine that to discriminate a luminance change requires object-based representations and selection as a necessity. However, the differential effects of shape discrimination and target detection revealed by Vecera and Farrah might not be due to shape per se but to detection tasks versus discrimination tasks. As such, we might expect that the removal of the lines might diminish object-based effects and therefore reduce the size of the attentional effects of discrimination tasks but not of detection tasks.
Method
Participants. Eleven participants took part in this experiment. Stimuli. Target events always consisted of a luminance increment or decrement in a single element of 50% of its original luminance. This was the case for the detection and discrimination tasks.
Procedure. The stimuli and timings for this experiment were identical to those in Experiment 2. Endogenous cuing was achieved by informing participants to attend to a particular colored object or group of elements when lines were present and absent, respectively.
Each block consisted of 30 trials. Participants were informed before the start of each new block as to which of the two triangles or which group of elements had an 80% chance of containing the target event and whether the task was merely to detect the target or to make a discrimination. The ordering of conditions was counterbalanced across participants.
Each participant completed 10 blocks of the detection task and 10 blocks of the discrimination task for both the lines-present and lines-absent conditions, resulting in a total of 1,200 trials. The ratio of the occurrence of catch trials to target-present trials was again 1:3.
Resul~
Mean RTs are plotted in Figure 9 (upper panel for for lines present and lower panel for lines absent). These data were subjected to a three-factor repeated measures ANOVA with cue validity (valid and invalid), task (detection and discrimination), and stimulus (lines and no lines) as factors. This analysis revealed main effects of task, F(1, 10) = 148.20, p < .0001, and validity, F(1, 10) = 8.70, p < .05, but not of Figure 9 . Results from Experiment 7. Mean reaction times for both luminance detection (filled bars) and luminance discrimination (open bars) axe plotted as a function of cue validity. Error bars represent -1 SEM. stimulus (F < 1). The interaction between task and validity was significant, F(1, 10) = 14.11, p < .01, as was that between stimulus and task, F(1, 10) = 8.84, p < .05. The three-way interaction was also significant, F(1, 10) = 9.50, p < .05.
Of major interest in this experiment was this three-way interaction. To examine it further, we performed two ANOVAs for the detection and discrimination tasks separately. We hypothesized that there would be an interaction between the stimulus and validity conditions for the discrimination task but not for the detection task.
The detection task showed a significant main effect of stimulus, F(1, 10) -11.39, p < .01, but not of validity, F(1, 10) = 1.88, p > .1, and the interaction was not significant, F(1, 10) = 2.83, p > .1. Indeed, observation of Figures 9 and 10 shows that smaller validity effects were found when the lines were present. A similar analysis of misses revealed no significant effects ( F < 1). The discrimination task showed a significant main effect of validity, F(1, 10) = 11.31, p < .01, but not of stimulus ( F < 1), and the interaction was significant, F(1, 8) = 6.34, p < .05. A similar analysis of misses and percentage correct revealed no significant effects (F < 1). In Figure 10 we have plotted the cue validity effect (invalid RT -valid RT) from this experiment. It can be seen that although the presence of lines had little effect on our luminance detection task, it did have a substantial effect on discriminations.
Finally, there are some subsidiary points to note from this experiment. First, we failed to obtain a significant effect of attentional instructions for the detection task alone (although the trend was in the expected direction), whereas the identical conditions in Experiment 2 did produce a significant effect. Second, we obtained a somewhat surprising result that the removal of the lines produced slower RTs for the detection task (irrespective of cuing conditions). We have no explanation for this effect. It would be of interest to replicate this to determine whether it is a genuine effect.
Discussion
Our data indicate that object-based representations are unnecessary for simple detection tasks and are therefore in accord with those of Vecera and Farrah (1994) . However, it would seem that for luminance discriminations, using exactly the same stimuli, object-based selection is occurring.
• Indeed, it is tempting to state that the difference between the validity effects obtained here for our discrimination task is representative of an object-based attentional component.
General Discussion
In a series of experiments we explored the effects of cuing attention to one of two overlapping objects. We found significant effects of cuing for both detection and discrimination tasks that used exactly the same stimuli and consistently found greater effects of cuing for discrimination tasks than for detection tasks. We found similar effects for cues that attracted attention automatically (Experiment 1) and those that required the voluntary movement of attention (Experiment 2), and we generalized the effects from RT measures to sensitivity measures (Experiments 3 and 4). The differences produced by cuing are not easily explained by the ease of the task because manipulations of task difficulty and effort did not alter these effects (Experiments 5 and 6). Finally, we confirmed that some aspects of the cuing effects were sensitive to manipulations of object (Experiment 7). These findings allow us to address some of the important but unresolved issues mentioned at the beginning of this article. We expand on each of these, drawing on similar studies that have provided converging evidence.
Are All Tasks Affected by Attention, and Are They Affected Equally ?
There has been considerable debate and experimentation about whether the simple detection (defined here as merely indicating the presence of the item rather than any aspect of it) of a luminance-defined target is affected by the attentional state of the observer (for a recent discussion of this, see Luck et al., 1994) . Our data showed effects of attentional cuing on RT experiments with no apparent trade-off in the observers' accuracy for detection tasks. Our measures of sensitivity also showed similar effects. This provides support for the notion that even the simple detection of luminance increments can be altered by cuing and thus by the attentional state of the observer.
We also found effects of cuing for a task in which the observer had to make a discrimination about the polarity of a luminance change. We consistently found that the effects of cuing were greater for this task than for simple detection. We emphasize that these differences must have been due to task differences because the stimuli were identical for the two tasks. These data led us to conclude that all tasks were indeed affected by cuing (and therefore, by implication, attention) but that all tasks were not affected equally.
Electrophysiological evidence is also available to support the notion of a difference in attentional processes between detection and discrimination tasks. Using visual-evoked potentials, Mangun and Hillyard (1991) found that two components of the response, the P1 (90--130 ms) and the N1 (150-200 ms), occurring over the extrastriate cortex could be modified by spatial attention. Of particular interest here is that, whereas both of these components are affected if the observer is making a discrimination response, only the earlier P1 component is affected if the observer is merely detecting the same stimulus. Using positron emission tomography, researchers have found two areas to be particularly involved with tasks that require moving attention: the superior parietal cortex and the superior frontal cortex (Corbetta, Miezin, Shulman, & Petersen, 1993) . The former was active under conditions of either exogenous or endogenous attention (and is also particularly activated during conjunction search tasks; Corbetta et al., 1993) , whereas the latter appears to be solely involved in endogenous attention (Corbetta et al., 1993) . Corbetta et al., however, had observers detecting only the presence of targets. Would different areas be activated if the task involved discriminations? Vandenberghe et al. (1996) attempted to answer this question by comparing the pattern of activity elicited by stimuli that were to be detected or discriminated (the task was one of identifying the orientation of a small grating patch). When the patch was located 4 ° peripherally, they found that an area previously identified in the superior parietal region was activated to a significantly higher level during the discrimination task than the detection task. why this differential activation occurs is less clear. The detection and discrimination tasks were equated for difficulty, so overall effort or task difficulty (see below) seems unlikely. One possibility (noted by Vandenberghe et al., 1996) is that detection tasks require less focused attention (or perhaps observers move their attention on a smaller percentage of trials) than the discrimination tasks. Hence, this superior parietal area, which seems to be involved in moving attention, is less engaged in the detection task.
How Does the Difficulty of the Task Faced by the Observer Act to Determine the Effect of Attention ?
The differences in the size of the attentional effects we observed for the detection and discrimination tasks might plausibly be explained by a difference in task difficulty. This might occur in one of two fashions. First, the observer might simply pay more attention to a difficult task, and thus because attention is not equally divided between the two objects (or locations for spatial cuing paradigms), we see a greater difference as more and more attention is allocated. Second, the overall amount of attention might remain similar as difficulty increases but attention becomes more divided (or is shifted on a greater percentage of trials); hence, greater effects are measured. We present three lines of evidence against this explanation.
First, we measured attentional effects with a masking paradigm that served to bring performance in the two tasks into an overlapping region of task difficulty (as assessed by signal-detection theory). Even when the tasks were equated by this method, we still observed greater attentional effects for the discrimination task. It is also worth noting that the differential effects of detection and discrimination tasks observed in the positron emission tomography scans of the superior parietal region were found when the two tasks had been equated for difficulty (Vandenberghe et al., 1996) . Second, we manipulated task difficulty by altering the size of the luminance flash to be detected or discriminated. Neither task showed significant increases in attentional effects as the task became more difficult. Similar experiments have been performed using a spatial cuing paradigm and a detection task. Hughes (1984) found no effect of varying target luminance in a experimental design in which each luminance was presented in a separate block. Hawkins et al. (1988) repeated this result but then went on to find a significant increase in attentional effect as luminance was decreased in a design in which the various luminance levels were interleaved. They suggested that the earlier lack of the effect of luminance might have been due to different strategies used by the observers in different blocks; however, in our research we also used the technique of randomly interleaving trials of different target luminance, and so such a criticism cannot explain our results. Finally, it is most noticeable that Hawkins et al. managed to find a far greater variation in RTs (perhaps because of overall lower luminance levels) than we did. Hence, our null result should be interpreted with some caution. What we would like to assume from this experiment is that large manipulations in luminance did not significantly alter the size of the attentional cuing effect under our experimental conditions.
Given the possible criticisms of our research, we adapted a third technique to examine the effects of task difficulty on the size of attentional effects. A possible way in which difficulty might have an influence is in either (a) the total amount of resources given to the task or (b) the efficacy with which the observer uses the cues. These explanations were tested by embedding medium-difficulty probe trials in either hard or easy trials (difficulty was again manipulated with the magnitude of the test flash). This background manipulation produced no effect on the size of the attention cuing effect for the probe trials on either the detection or discrimination tasks. This experiment was modeled on a similar one by Urbach and Spitzer (1995) , who did find that difficult background trials produced greater attentional effects for both easy and difficult test trials (using a d' technique) and the matching of orientation of Gabor patches. However, in their first experiment, they also failed to find such an effect. The major difference between their first and subsequent experiments was in the total number of orientations present within the trial blocks. With a large number (if four can be regarded as such) of possible targets no effects were observed, but with two possible targets effects were seen. This might have been due to the increased uncertainty associated with a greater number of possible stimuli (see Davis & Graham, 1981 , and the Discussion section of Urbach and Spitzer, 1995) . In our luminance change paradigm, there were always six possible targets. Hence, one might argue that our results are not in conflict with those of Urbach and Spitzer in the most comparable conditions. A second possible explanation of the differences (to the extent that there are any) may lie in the different tasks. Urbach and Spitzer used an orientation task, whereas we used a luminance discrimination and detection task.
Neuronal responses in the primate extrastriate cortex (Area V4) have been shown to be affected by task difficulty, such that individual neurons decrease their orientation tuning bandwidth under conditions of a difficult discrimination condition (Spitzer, Desimone, & Moran, 1988 ). This in turn would presumably lead to increased performance in orientation discrimination tasks (as Spitzer et al., 1988, also demonstrated) . It is unclear how such changes in tuning width might influence tasks such as luminance detection and discrimination as cells "tuned" for luminance have yet to be revealed. Instead, luminance (or contrast) is presumed to be encoded by the rate of firing rather than which cells are firing. Given the importance of these issues, and the many differences between our own experiment and that of Urbach and Spitzer (1995) , this area is clearly one that requires a more thorough investigation.
Are There Differences in Attending to Something by a Deliberate Act of Will Versus When This Something Automatically Draws Attention to Itself?
Attention may be drawn to a region of space or object either by peripheral cues (exogenous cuing) or by central cues (endogenous cuing). The first of these is thought to be automatic and rapid, whereas the latter are slower and subject to voluntary control (see, e.g., Jonides, 1981) . It has been suggested that the effects of these two attentional systems are additive and therefore imply independent information-processing stages (Riggio & Kirsner, 1997) . As such, they might rely on much different representations of stimuli. In our experiments we found no qualitative differences between these types of cuing. We therefore suggest that both are capable of eliciting attentional cuing between overlapping objects.
What Is the "'Thing" of People's Attention (an Area of Space or an Object) ?
The issue of whether visual selection operates through a space-or object-based manner has received considerable attention over the past decade (Baylis & Driver, 1993; Duncan, 1984 Duncan, , 1993 Egly et al., 1994; Gibson, 1994; Gibson & Egeth, 1994; Humphreys & Riddoch, 1995; Kahneman & Treisman, 1984; Kahneman, Treisman, & Gibbs, 1992; Kanwisher & Driver, 1992; Kramer & Jacobson, 1991; Kramer, Weber, & Watson, 1997; Lavie & Driver, 1996; Logan, 1996; Stuart et al., 1997; Vecera, 1994 Vecera, , 1997 Vecera & Farrah, 1994) . We have suggested that our overlapping stimuli might help resolve some of the issues. Of particular importance was our final experiment, which compared the effects of attentional cuing with three probable locations as opposed to three improbable locations. In some of the conditions these three possible locations were linked by lines to form an object. Under conditions in which the locations (either probable or improbable) were not linked by lines, we found modest effects of attention for both detection and discrimination. Under conditions in which we joined these locations by lines, we found a much greater effect of attention for our discrimination task. Does this imply an object-based component? Although this is a tempting conclusion, it may still be possible to explain this result with a grouped-array explanation. We would have to postulate that observers were unable to shape their attention to these locations unless they formed a distinct perceptual group.
One way other researchers have tried to distinguish between grouped arrays and objects is to add the requirement that object-based representations must be spatially invariant. As mentioned in the introduction, Vecera and Farrah (1994) found such an effect when observers were asked to make judgments about the spatial relationships within an object; however, when asked to merely detect the presence of a target dot appearing on one of the objects, the task was found to be influenced by space rather than object.
This conclusion seems to fit nicely with our findings that discrimination tasks rather than detection tasks show an object component. Likewise, researchers who have probed after the presentation of the objects (Kramer et al., 1997) and found space-based attentional processes did so with a simple detection paradigm. We suggest that if one were to probe with a discrimination paradigm, one might find a different pattern of results.
Since we completed our experiments, a study has been published in which a similar stimulus and paradigm were used. Stuart et al. (1997) also used two overlapping triangles (although their display did not have the circles at each apex that we used) centered on the same visual space. They noted that there should be no spatial component to any attentional shifts involved. Targets elements were simple luminance squares that appeared somewhere superimposed over either the lines of the cued or uncued triangle. We would therefore call this a detection task (as indeed they did). Stuart et al. cleverly distinguished between targets that occurred within the overlapping areas of the triangles and those that were outside this area of overlap. They found small effects of attention for targets that appeared briefly after (100 ms) an exogenous cue in the outside position and no (or a marginal) effect for those inside. At other time intervals, or with the use of endogenous cues, no effects were found. They suggested that the findings are concordant with the idea of a fast exogenously driven attentional mechanism that can bend into a particular shape (in this case, a triangle) rather than selecting an object. This "shaping" of the attention is apparently not available to the endogenously cued attention system. They concluded by suggesting that luminance detection paradigms do not provide evidence for objectbased models of attention.
Although we would like to agree with this conclusion, there are some discrepancies between the results reported by Stuart et al. (1997) and those of the present research. Our targets all occurred on the circles located at the apex of the triangles and therefore are equivalent to the "outside" positions of Stuart et al. We found effects of attention for both exogenous and endogenous cuing for the detection tasks in our displays. We therefore suggest that endogenously cued attention is also capable of picking grouped locations. It is worth noting that there are considerable differences between the sizes of the displays between the studies. Those of Stuart et al. subtended a visual angle of 3 °. Whether any affects of focal attention would emerge from tasks using such a cramped display is questionable. Furthermore, their choice of target was the appearance of a new object (a bright green dot) that was similar to the detection task used by Vecera and Farrah (1994) . It is also debatable whether this target appears as part of one of the two existing triangles or whether it would be perceived as an additional object (for a similar point, see Lavie & Driver, 1996) .
Returning to the conclusion of Stuart et al. (1997) that detection tasks do not provide evidence for object-based selection, we would suggest that the results of our final experiment support this idea. When we removed the lines from our display, we were left with the same possible spatial locations for targets as when they were there, yet we lost the impression that they belonged together as an object. This had no effect on the size of the cuing effect, suggesting no influence of object-based representations. By the same logic, we found a considerable decrease in the size of attentional cuing effects for a discrimination task when the lines were removed. This suggests that this task does use object-based representations.
Why do researchers obtain greater object-based effects for discrimination tasks? Within the visual system it is clear that the early representation (including both the retina and primary cortex) is highly topographic in that the receptive field of each cell is small and that nearby cells have similar receptive fields. In other words, each visual area contains a highly organized and ordered map of visual space. As one proceeds farther down the visual pathways into the extrastriate areas, the receptive fields become progressively larger and the retinotopic mapping becomes less pronounced, particularly for ventral areas. Thus, what distinguishes these cells is their differential responses to different objects rather than space (Haxby et al., 1991) . One might therefore suggest that if certain tasks were to be reliant on earlier representations, one should see more space-based modulation through cuing, whereas other tasks that are reliant on the use of later representations should see more modulation through objectbased cuing. We have already suggested from a consideration of visual evoked potentials that visual attention modulates components later in the visual evoked potential for discrimination tasks than for detection tasks. Thus, it seems likely that these later components are more likely to be produced by later visual areas that are less space based in their representation of the visual world.
